pneumonic leucocytes for pneumococci, and in the recent contributions of Hiss (5) to the study of leucocyte extracts mention is made of an observation by North that the leucocytes of a pneumonia patient were more actively phagocytic than those of a normal man. The older investigations of Tchistovitch (I) on pneumonia had led him to believe that susceptibility and immunity to pneumococcus infections were to be measured by the degree of phagocytosis of which the leucocytes of the animal under study were capable.
In this work we used pneumococci obtained from the blood of patients suffering from pneumonia, and as numerous cultures were made we had the opportunity of studying numerous strains of freshly isolated bacteria as well as older cultures. Unless especially stated in the protocols, twenty-four cultures on human blood agar slants were used. The animal injections were always given intraperitoneally. All experiments were carefully controlled, and repeated until there could be no doubt as to the results. It would, however, be a waste f space to attempt to give tables of all the experiments, and I have, therefore, reproduced below only typical charts, or, where such seemed better to serve the purpose, composites.
EXPERIMENTS IN PHAGOCYTOSIS.
The technique employed in studying phagocytosis in vitro was the usual Wright capillary pipette method, with incubation at 37°C. for fifteen minutes. Rather thick suspensions of bacteria in salt solution of as uniform a consistency as possible were used. The usual counting method of estimating opsonic index was not employed, as we believe that the errors inherent to such a method are as great as, or greater than, those included in broad standards of phagocytosis like "slight," "active," "marked."
It is a matter of considerable service to have a handy index of virulence. Several workers, especially Rosenow (4) and Graham (6) claim that phagocytability as tested by normal serum plus corpuscles with the Wright technique is an excellent index of virulence. We made numerous tests to prove this point. The method used was to study strains of pneumococci by parallel opsonic tests and peritoneal injections into white mice, following the course of the latter injection by withdrawing the fluid at various times. Our experiments, which are grouped in Table I , showed that there is a direct parallelism between phagocytosis in vitro and in vivo. An organism which is not taken up by normal human cells in a capillary pipette will not be susceptible to phagocytosis in the body of a mouse. Further, although there are other complicated factors bearing on virulence, these results show that "insusceptibility to phagocytosis" and "virulence" are closely related, and broadly speaking, a phagocytable organism may be called "avirulent" and a non-phagocytable one "virulent."
A study of virulence of pneumococci would not be complete without mention of the work of Rosenow (7) on "Virulin." By suspending pneumococci in physiological salt solution for forty-eight hours, he was able to extract from the cocci a substance which when added to blood serum has the faculty of combining with or neutralizing the pneumococcus opsonins. This so-called "virulin" likewise has the power of combining with a phagocytable coccus and rendering it non-phagocytable, while the original organism after treatment when suspended in normal serum is taken up by leucocytes. This salt autolysate of pneumococci was one year later described by Tchistovitch and Yourevitch (8) as "antiphagin." We tested the effect of virulin extracted according to Rosenow's direction from four different virulent strains of pneumococci on five other strains of avirulent organisms and were unable to perceive any change in the phagocytability of these cultures after suspension. As Dr. J. A. Leutscher working in this laboratory undertook to study this interesting question more extensively and will soon report his results, further details of my experiments need not be mentioned. The technique employed in all animal experiments was identical. At stated times after intraperitoneal injections, fluid is removed by pipettes through the abdominal wall as in the study of the Pfeiffer phenomenon. Smears made at once were stained with carbolthionin.
The first preliminary experiments seemed to indicate that avirulent bacteria caused a marked outpouring of leucocytes, whereas the injection of virulent ones was followed by only a few leucocytes. But numerous further observations showed that the leucocytic reaction following pneumococcus injections is practically the same whether the organism is virulent or avirulent. The initial presence of small mononuclears and the appearance later of polymorphonuclears and macrophages is characteristic of almost any intraperitoneal injection, as is seen in Table II II also shows that the organism which is not phagocyted kills the mouse, whereas the phagocytable strain is harmless. However, it is not uncommon to find that one of two non-phagocytable organisms will kill, while the other in the same dose does no apparent damage, and it is impossible to forecast what the minimal lethal dose of either will be. Moreover, if the ability to withstand phagocytosis were the only element in virulence, it would be extremely difficult to understand the fact which Marchand (9) found for streptococci and which I have abundantly verified for numerous strains of pneumococci, namely, that even after heating to 600 C. for one hour and washing, an organism which is not phagocytable before the procedure will not be phagocytable after treatment, nor can any difference be seen in the cellular outpouring following injection of either dead or living cultures. The injection of living organisms produces death of the animal, and the injection of the dead culture does no harm. This difference is undoubtedly due to the ability of the living organisms to grow. Many observations on injections of small doses of non-phagocytable pneumococci which do not kill the animal show that their harmlessness is associated with inability to grow in the mouse's peritoneal cavity. Changing the point of view to the last, this is equivalent to saying that the peritoneal cavity of even the most susceptible animal possesses the property of destroying certain numbers of pneumococci; and the result of a pneumococcus inoculation will depend on the bactericidal as well as on the phagocytic powers of the animal.
To study further the effect of leucocytes on pneumococci, sterile peritonitis was produced by peptone injections, and pneumococcus inoculations made approximately three hours later. The peritoneal reaction did not differ from that seen after simple pneumococcus infection nor were mice protected by this procedure.
THE IMMUNITY" OF THE PIGEON.
The pigeon offers itself as the best subject for the study of "t natural immunity," as it is absolutely insusceptible to infection by the pneumococcus. The first line of work undertaken was a comparative investigation of pigeon serum and leucocytes from the standpoint of phagocytosis. Leucocytes were obtained either by aspiration from a vein or from the peritoneal cavity after injection of peptone, and their phagocytic power tested by the Wright method. The results of these experiments are recorded in Table III. This chart shows that in vitro pigeon corpuscles and serum behave toward the pneumococcus in no way differently from those of normal man. Certain unrecorded experiments of Dr. Cole (personal communication) gave the same results. One cannot, however, conclude from these tests what results in vivo might be, and we, therefore, considered it a fruitful investigation to study the Human.
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(c reaction in the peritoneal cavity in the same way as was done with the white mouse.
The observations in detail, with varying doses of numerous strains, showed that the peritoneal reaction scarcely differed from that of the mouse, except that the polymorphonuclear leucocytes possessed large eosinophilic granules. Phagocytosis was no more marked than in the mouse, but in every case, generally within three to five hours, there was complete disappearance of the organisms, no matter how virulent they may have been for the mouse. In no case could we kill a pigeon, however large the dose.
To study the possible causes of this disappearance, fourteen pigeons were inoculated with a slightly phagocytable organism and were killed at intervals of one-half hour. Smears from the heart, liver and peritoneum, and cultures from the heart were made in every case. No pneumococci were demonstrated in smears from the heart or liver. Cultures from the heart gave pneumococci in 
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two instances, twenty minutes and two and a half hours after injection.
The peritoneal reaction may be summarized in the following statements:
i. A gradual outpouring of cells as in the mouse, with development of general peritonitis in about three hours. Phagocytosis is slight, the englobed cocci showing no capsules, nor are capsules seen in those cocci within an annular zone around each leucocyte.
2. Despite lack of very active phagocytosis, the pneumococci gradually disappear completely. There is no agglutination, and no bacterial degenerations suggesting lysis.
The organism used in this experiment took a capsule stain very easily and the lack of capsules in those bacteria immediately around polymorphonuclear leucocytes as well as in those already ingested was striking. This fact seems to indicate that virulence or at least phagocytosis can have no direct dependence on capsule formation, for in other experiments organisms which take capsule stain only with difficulty are not phagocyted at all. On the whole phagocytosis was so slight that one was forced to doubt if the function of the pigeon polymorphonuclear leucocyte is truly phagocyting, and several experiments were, therefore, undertaken to test this. Comparative observations were made with virulent pneumococci, phagocytable pneumococci and staphylococci as shown in Table IV . Table IV shows that pigeon leucocytes are well able to phagocyte staphylococci and that they may take up pneumococci with about the same or perhaps less avidity than do the leucocytes of a mouse.
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Although Tchistovitch (Io) claims to have found that certain of the pigeon polymorphonuclears act as phagocytes, while others do not, we were unable to demonstrate any differences beyond those seen in all observations on phagocytosis. Some of the polymorphonuclear leucocytes in the mouse peritoneum were loaded with cocci, whereas others were free; and such appearances are not uncommon in opsonic smears or in gonorrhoeal pus in man.
Although our observations indicate that phagocytosis plays an insignificant role in the destruction of the pneumococci in the pigeon, it must nevertheless be borne in mind that possibly phagocytosis may occur associated with such rapid digestion of the ingested bacteria as to render them unable to take up stains. The fact that "avirulent" organisms are well stained inside leucocytes weighs against this supposition, but is not definite proof. The very increased virulence of the pneumococci may render them capable of being rapidly digested by leucocytes, just as it seems to make them susceptible to rapid lysis by bile, as has been recently shown by Neufeld (II) and Grixoni (I2). Furthermore Neufeld (I3) finds that agglutination occurs more rapidly with virulent than with avirulent strains of pneumococci.
This theoretical possibility admits of practical tests by experiments on the effect on pneumococci in vitro of pigeon peritoneal exudate rich in leucocytes. Injections of a saturated solution of peptone in water or bouillon will produce an exudate indistinguishable from that caused by pneumococci. The cultures used were twenty-four hour blood agar slants of both avirulent and virulent organisms, finely emulsified in bouillon and allowed to stand for an hour until the coarser clumps settled. One part of culture was used to two parts of the exudate to be tested, carefully measured. Controls were made by mixing bouillon and culture in the same proportions. The exudate alone was also plated. After remaining in the thermostat at 370 C. for varying times, as shown in Table V , agar plates were made by mixing one standard loop with Io c.c. of agar. Colonies from the plates were examined and identified as pneumococci. Bearing in mind the rapid and complete destruction of the pneumococcus in the pigeon's peritoneal cavity and the natural unstable viability of the pneumococcus, it was determined to adopt as a standard only changes in the colony count marked enough to be seen with the naked eye. The figures in the charts represent the number of colonies counted in ten fields chosen at random under the low power (3 X 2/3) and correspond well with the naked eye appearance. The results of all experiments agreed with those expressed in the table in showing that fresh pigeon peritoneal exude has no bactericidal effect on pneumococci in vitro at 37 degrees C. The use of bouillon might be objected to is a poor culture medium for the organism on the ground that it we are testing. We, therefore, made a series of observations with eighteen hour litmus milk cultures, milk being an unusually good soil for growth of pneumococci. The results in this series were also constant and may be seen in Table VI. Although this chart seems to show a marked lack of growth of the pneumococci in both the tests and the controls, further consideration disproves this appearance. At the end of twenty hours all the tubes were acid, those containing the bacteria plus exudate being considerably more so than the controls. On smears large numbers of well stained diplococci were seen. We had often found that pneumococci which grow well in milk might not grow when transferred to the other media, and we believe that this is what occurred in these experiments. Mixtures of peritoneal exudate and sterile litmus milk will remain alkaline, as I was able to show; and consequently the greater acid production seen in the mixtures of exudate and pneumococcus culture, as compared with the controls, indicates that the organism grows better in the presence of this exudate than it does in bouillon.
That powerful bactericidal substances can be extracted from the leucocytes by various means is well known. Hiss (5) was able by mere extraction with sterile water to produce bodies with a marked protective power over infections by various bacteria including the pneumococcus. This body, he concludes, has the property of neutralizing bacterial endo-toxins. The bactericidal effect of extracts made according to Hiss's directions was tested in the same way as was the fresh exudate, and it was found that they had no effect on the growth of pneumococci, as is seen from Table VII, which is a composite of twelve observations. The remarks made above in discussing Tables V and VI apply with equal force here.
Although these observations prove conclusively that pigeon exudate has no inhibiting action on the growth of pneumococcus in vitro at 370 C., it is necessary to test its power of combating the infection in the susceptible animal. White mice were given intraperitoneal inoculations and autopsies were performed on all animals, and except where especially noted, showed nothing striking. In Table VIII The experiments with watery extracts of tained and washed as previously outlined, pigeon leucocytes, obwere not very satisfactory. The results were not definite and extended observations were not undertaken, inasmuch as Hiss's results demonstrate clearly that the action of such extracts is not specific. The results are seen in Table IX. TABLE IX .
Experiment.
Control. These experiments are interesting from two points of view. Of nine mice injected with fresh pigeon exudate, five died while the control lived and one died in sixteen hours compared to eight days for the control. One survived a dose that killed the control in eighteen hours; and in the two remaining experiments there was no difference between the control and the animal under experiment. The experiments with washed and autolyzed peritoneal leucocytes resulted differently. In four cases both animals survived; in one, both died; five lived longer than the controls and two died earlier.
The contrast is rather striking. In the first series in which the exudate is used the majority die earlier than the controls. In the second series the life of the majority is prolonged. This then shows a definite "pro-infective" action of the whole peritoneal exudate which is lacking when it is washed, and which seems to us must be due to the presence of serum in the whole fluid. Petterson (14) noticed that leucocytic extract in bouillon possessed greater bactericidal powers than the same extract in serum, and Korschun (I5) was able practically to inhibit the bactericidal effect of leucocytic extracts by the addition of inactivated normal serum. Recently Cole and Smirnow (6) have called attention to the "pro-infective" power of blood serum; animals given simultaneous inoculations of pneumococci and pigeon or rabbit serum die earlier than controls given the culture and physiological salt solution. White and Graham (I7) consider the phenomenon a "sensitizing reaction," and find that it may be accomplished by very minute ------quantities (.I c.c.) of serum. Probably sufficient serum is present in the exudate removed from the peritoneal cavity of pigeons-to account for its "pro-infective" action. The incidence of pulmonary involvement in the first series of mice is interesting. In the gross, there was a definite lobar involvement; the infected lobes were dark red or dull grey in contrast with the normal pink lung tissue; some sank in water, others did not. When the lungs were studied microscopically, however, in no case was lobar pneumonia seen, but simply very extensive broncho-pneumonia. It has been extremely rare to find lung involvement following injections of pneumococci in mice. No explanation is offered for the high percentage occurring with this particular method of injection.
Only brief mention will be made of attempts to cause pneumo-coccus infections by combined injections in various ways of morphine, lactic acid and the filtrate of very old typhoid cultures with pneumococci. These all resulted negatively and the peritoneal reaction was that seen after ordinary pneumococcus injection. The alkalinity of the serum of a pigeon titrated against dimethylamidoazobenzol was practically the same as that of man.
C1IART II. Injected pigeon died 9 p. m.; control lived.
As the biological reactions in the pigeon to pneumococcus do not seem to differ from those in the mouse and cannot explain the difference in effects, it seemed wise to investigate any individual peculiarities of the pigeon.
The most striking difference between the pigeon and the white mouse or man is in the temperature, which in a series of thirty birds was found to average 4I.5°(Io6.7°F.). Tests on the thermal death point of the pneumococcus revealed the striking fact that between forty and forty-one there was inhibition of growth on human blood agar or in the exudate from the pigeon's peritoneal cavity. In milk the cultures withstood a temperature of 4I.5 C. These tests were made with numerous strains of the organism, and while a sharp thermal death point could not be demonstrated for all strains there was nevertheless a general inhibition of growth between the points named.
CHART III. Injected pigeon died during night; control lived.
It seemed reasonable to suppose that were it possible to reduce the temperature of the pigeon sufficiently, a pneumococcus injection would give the same results as occur in the mouse. Attempts to reduce the temperature according to the classical experiment of Pasteur by keeping the bird for twenty-four or forty-eight hours in melting ice caused no change. Subcutaneous injection of pyramidon (dimethylamidoantipyrin) was found to reduce the pigeon's temperature, and tests of its toxicity were made on sixteen pigeons, with the results seen in the control curves on the charts. Two pigeons, however, died within ten minutes of the injection of one grain, with symptoms resembling cerebellar ataxia, but in both animals the injection had been made intramuscularly instead of subcutaneously, as was done in all other experiments. As the action of pyramidon is not very lasting, the organism used in the injection should be as virulent as possible, but at the time the experiments were performed it was impossible to procure such a culture, and we had to resort to large doses of a phagocytable, rather avirulent, organism. Charts I to IV show conclusively that one can cause a pneumococcus septicaemia in the pigeon after its temperature has been lowered sufficiently. Charts V and VI are controls showing CHART IV. Injected pigeon died 9 p. m.; control lived.
that the mere combination of pyramidon and pneumococcus without reduction in the temperature will not give the same results as are seen when the temperature is lowered, and the control curves show that mere reduction of temperature is not sufficient to cause death. The control birds were kept under identically the same conditions as were the experimental birds.
In the charts the circles and unbroken lines represent the rectal temperature of the experimental pigeons, while the solid dots and broken lines represent the controls. The treatment of the two birds was the same up to the injection of the pneumococcus, and here the control was given the same volume of sterile broth. No control died. Chart IV represents two experiments, the course of which was the same. That death was due to the injection of pneumococci is clear from the following evidence. The pigeons receiving pneumococci were always sicker than the controls. Smears of the peritoneal fluid con- tained free cocci as late as twenty hours after the injection, and the number of free organisms seemed to vary directly with the intensity of the symptoms. In pneumococcus injections at the pigeon's normal temperature the bacteria disappear in from three to eight hours, and the bird is usually no sicker than a control given any sterile fluid. Furthermore, autopsies were performed on all the birds. The peritoneum was inflamed, contained fibrin and free
